Human athletic performance is a multifactorial trait determined by the interaction of genetic and environmental factors. It is estimated that around 66% of the variance in athletic status could be explained by genetic factors [1] . The remaining variance is dependent on environmental factors, such as physical training, nutrition, and technological support. With the development of molecular research in sport, at least 155 genetic variants have been found to be associated with athletic performance, with the angiotensin converting enzyme (ACE) gene I/D and the alpha actinin-3 (ACTN3) gene R577X polymorphisms having been the most extensively studied [2] [3] [4] .
study was included. Exclusion criteria were: (i) review articles or conference literatures; (ii) studies involving animal experiments, or the target population was not athletes; (iii) articles did not provide sufficient original data; (iv) genotype distribution deviated from Hardy-Weinberg equilibrium (HWE) in the control group; (v) studies only concerning mixed endurance-power type of sports, such as football.
Quality assessment
The Newcastle-Ottawa Scale (NOS) was used to evaluate the methodological quality of the included studies by two reviewers independently [29] . Each study was assessed and scored based on three aspects: case and control selection, comparability, and exposure.
NOS score ranges from 0 to 9 stars. Studies that scored seven or more stars were considered to be of high quality.
Statistical analysis
Hardy-Weinberg equilibrium was examined in controls for each study by Pearson's chi-squared test. Heterogeneity across the studies was assessed by the I square statistic (I 2 ), with I 2 < 50% indicating reduced statistical difference [30] . A fixed-effects model was used in cases of low statistical heterogeneity, otherwise a random-effects of a meta-analysis about the association of the PPARGC1A Gly428Ser polymorphism with athletic ability and sports performance [27] .
The aim of this study is to summarize the association between the PPARGC1A Gly482Ser polymorphism and athletic performance by conducting meta-analyses, which might provide a more definitive answer compared with individual research reports.
MATERIALS AND METHODS

Literature identification
All procedures involved in the meta-analyses were carried out in accordance with the PRISMA guidelines [28] . A comprehensive literature search was performed using the PubMed and Web of Science databases, from inception to September 2018. The combination of the following keywords was used: "PPARGC1A or PGC1α", "polymorphisms", "rs8192678" and "sports". No language limitations or publication restrictions were applied to the search strategy.
Inclusion and exclusion criteria
Studies that reported the distribution of PPARGC1A polymorphism among both athletes and sedentary controls were considered. If the same data were presented in multiple studies, the highest quality PPARGC1A Gly482Ser polymorphism with athletic performance model was applied [31, 32] . The association between polymorphism and athletic performance was estimated by calculating the odds ratio (OR) with corresponding 95% confidence interval (95% CI), comparing athletes and controls. Potential publication bias was examined by Begg's and Egger's tests and funnel plots [33, 34] . Sensitivity analysis was also conducted to examine the stability of the overall results by sequential exclusion of one study at a time. All statistical analyses were conducted with STATA software (version 15, StataCorp, College Station, Texas).
RESULTS
The initial search of electronic databases identified 245 unduplicated articles. As shown in Figure 1 , after excluding articles whose titles were not relevant, 29 abstracts were retrieved for the next step.
After abstract evaluation, 22 articles were included in a more detailed full text evaluation [35] [36] [37] [38] [39] [40] [41] . Then 12 articles were excluded [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] .
Ultimately 10 articles were included in this study ( Fig. 1 ).
The 10 studies involved a total of 3,708 athletes and 6,228 controls. The athletes were divided into endurance-type and power-type groups in accordance with their sporting discipline [4] . The endurance group included athletes who participated in marathon, biathlon, long-distance swimming, pentathlon, rowing, long-distance running, road cycling, cross-country skiing, long-distance track and field athletics, triathlon, race walking and mountain biking. The power group included athletes involved in sprinting, weightlifting, short-distance track and field athletics, powerlifting, kayaking, judo, wrestling, boxing, fencing, short-distance swimming, alpine skiing, artistic gymnastics, and throwing and jumping events. It should be pointed out that no clear-cut distinction can be drawn between endurance and As shown in Fig. 2A, a Fig. 2B ). For all articles, the following data were extracted from original publications: first author and year of publication, country of the study, total number of athletes and controls, type of athletes and controls, race of participants, and genotype and allele frequencies among athletes and controls and for each of the subgroups (Table 1 and Table 2 ). The results of HWE tests demonstrated that the genotype distributions in controls were all in HWE (all P > 0.05). And according to the quality criteria, the NOS score for all articles is greater than or equal to 7, except for one article [23] . Two meta-analyses were carried out with the endurance group and power group. It is interesting to note that higher frequencies of the Gly/Gly genotype and the Gly allele of the PPARGC1A Gly482Ser polymorphism were found in both endurance athletes and power athletes from Caucasian populations. Endurance sports are generally considered to mainly use the aerobic energy system to produce energy, while power sports rely mostly on anaerobic metabolism as the energy source [54] . However, they are not totally distinct entities. Modern endurance sports also require very powerful muscle contractions at competitively critical stages [55] , while the contribution of the aerobic energy system to some kinds of speed/power sports is considerable [56] . A previous study demonstrated that the Ser allele is associated with lower expression of PPARGC1A [57] . Several limitations should be considered in interpreting the results of this study. First, owing to the inconsistent definition of endurance frequency of the Gly allele was also observed in power athletes (OR, 1.22; 95% CI, 1.12-1.33; Fig. 3B ). Here, the degree of heterogeneity across studies was also low (I 2 = 28.9%). (Fig. 5A; Fig. 5B ). It indicated that the results were unstable. Moreover, the overall results of the associations between PPARGC1A Gly482Ser polymorphism and power performance were rather stable ( Fig. 5C; Fig. 5D ).
DISCUSSION
PPARGC1A encodes a key regulator of cellular energy metabolism.
This study estimated the association of human athletic performance with PPARGC1A Gly482Ser polymorphism by means of meta-anal- [18] . A later study supported this association [19, 20] , although there were also some exceptions [21] [22] [23] [24] [25] [26] . One of the greatest limitations of these case-control association studies is their small sample size, which often leads to statistical insignificance and results in controversial conclusions. The current meta-analyses overcame this limitation by combining the findings from 10 studies. The analyses involved 3,708 athletes and 6,228 controls. The results revealed that higher frequencies of the Gly/Gly genotype and the Gly allele were observed in Caucasian endurance and power athletes. Thus, the study provides solid evidence for an association between PPARGC1A polymorphism and athletic performance. events among some studies, phenotypic heterogeneity cannot be completely avoided. Second, owing to the different standards of elite, sub-elite and non-elite athletes, the present study did not consider the potential confounding effects of performance levels. In addition, Begg's and Egger's tests as well as funnel plots were used to assess publication bias in this study, whereas such tests have low power when applied to studies whose number is < 10 [63] . Finally, because not all the relevant data could be obtained from the included studies, further detailed sub-analysis was limited. For example, if the athletes could have been subdivided into male and female groups, more comprehensive results could be presented.
CONCLUSIONS
In conclusion, the current meta-analyses based on 10 studies revealed that higher frequencies of the Gly/Gly genotype and the Gly allele of the PPARGC1A Gly482Ser polymorphism were observed in Caucasian endurance athletes, and the Gly/Gly genotype and the Gly allele were significantly associated with power athletes compared to controls. The results demonstrate that the Gly/Gly genotype and the Gly allele of the PPARGC1A Gly482Ser polymorphism may facilitate athletic performance regardless of the type of sport. This finding also provides solid evidence to support the possible influence of genetic factors on human athletic performance.
